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® Filter element 



@ A filter element adapted for attachment to a respirator 'ace piece which includes front and rear walls of filter 
material, a breatner tube, and a porous inner layer whicn maintains the front ana rear walls in a spaced-apart 

^relationship over substantially their entire area and whicn functions to evenly distribute air flow across the 

^avanabie filter element surface area. 
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FILTER ELEMENT 



"he present invention relates to filtration elements used in respirators or face masks, in anctner aspect, 
the cresent :nvention relates to filtration face masks or respirators with aetachaoie filtration elements. 

FItration face masks or respirators are used m a wide variety of aDpticaiiors when it is aesired to 
protect a human's respiratory system from particies suspended m the air or from unpleasant or noxious 
5 gases. 

Filter elements of respirators may oe integral to the body of the respirator or they may be replaceable, 
but 'P. either case, the filter element must provioe the wearer with protection from airborne particles or 
uPcieascPt cr noxious gases over the service life of the resoirator or filter element. The respirator must 
crcviae a prooer fit to the human face without coscuring the wearer's vision and it ;s desirable that a 
respirator recuire a mintmum of effort to oraw air in through the filter media. This is referred to as the 
oressure orcp across a miask, or breathing resistance. 

Tc acmeve the levels of filter performance such as those defined in 30 C.F.R. 11 subpart K §§11. 130- 
11 140-12 (1987), DIN 3181 Part 2, "Atemfilter fur Atemschultzgerate" (March, 1980). BS 2091, "Respirators 
for Protection Against Harmful Dusts and Gases'* (1969), and 85 4555. '^High Effeciency Dust Respirators" 
•s (1970) the number of layers of filter material, filter matenal type, and available filtration area are important 
factors in filter element design. The present invention provides a means of more fully utilizing a filter 
element's available filtration area by properly managing air flow through the filter material of the filter 
e'ement. Proper management of air flow can aiso prevent premature loaatng of the filter materia! 
jmmeoiatefy opposite the breather or inhalation tuoe. wnich can cause the filter eiement to collapse over the 
2C breather tuce, thereby restncting inhalation and shortening the service life of the filter element. 

Various filter element oesigns have been prooosed to provide as much filter surface area as possible 
vvhiie minimizing the obstruction to the wearer's vision, and/or the pressure drop across the mask. U.S. Pat. 
No. 2.320.770 (Cover) discloses a respirator with detachable filter elements. The filter elements are 
preferably rectangular and are made from a sneet of filter matenal with all open sides sewn closed. The 
25 filter element has a hole adapted to be attached to the body of the mask. Cover asserts that after being 
sewn, the filter element can be turned inside out so the seams and folds cause the bag to assume a shape 
and curvature which tends to keep the sides of the bags apart without the aid of an additional spacing 
element. Incoming air is apparently intended to travel through either the front or back sides of the bag into 
the space between these sides and then through the hole inside the mask. U.S. Pat. No. 2.220.374 (Lewis) 
30 discloses a respirator which includes a ngid mask and a face mold attached to the mask. The ngid mask 
includes an air inlet opening and filtering means covering the opening. The filtering means comprises a 
shell having perforations on at least three sides, filtering matenal located inside the shell, and a filter 
soreading member adapted to hold the filtering matenal in a position exoosing the fiitenng material to direct 
contact with the air entering the perforations. U.S. Pat. No. 2.295.119 (Malcom et al.) discloses a respirator 
35 comonsing a face piece aaapted for the wearer's nose and mouth attached to two removable, egg-shaped 
filter coxes. The filter boxes have inner and outer, perforated members or covers which form a fitter 
chamber, and two filter elements positioned between the inner and outer memoers of the filter box whose 
oerioneral portions are compressed and seaied between the outer and inner members of the filter box. One 
of the filter elements is attached to the filter box and face piece by a locking member which secures the 
•^0 filter element around the air entrance opening of the face piece. Preferably, the filter box also includes a 
means to engage the outer filter element and space it from the inner filter element inside the filter box such 
as a member in the shape of a reverse curve which is part of the locking member which clamps the filter 
matenal around the air entrance opening of the face piece. U.S. Pat. No. 2.206,061 (Splaine) discloses a 
respirator comprising a face piece adapted tc fit over the nose and mouth of the wearer which is adapted to 
45 fit into the open ends of Ta^o filters. The fitters extend laterally m ocposite directions from the face piece. 
The filters are relatively narrow, tapering from a rounaed end at the bottom towards the top so that the side 
walls substantially meet at the top edge and contain light coil sonngs extending along the bottom portion of 
each filter to help keep the filters in an expanded concition. U.S. Pat. No. 4,501,272 (Shigematsu et al.) 
discloses an embodiment of a dust-proof respirator with an intake chamber assembly composing an intake 
50 cyiinoer fitted airtight into a mounting mouth of a mask body with a front wail positioned opposedly to the 
intake cylinder and a rear wall composed of a filtration medium fastened to the intake cylinder and along 
the oeripherai edge of the front wail. Filtration medium is also fastened to the front of the intake chamber, 
resulting m increased filtration area. 

The present invention provides, m an easily manufactured form, a filter element of compact size and a 
nature capable of low air flow resistance and high filtration efficiency which satisfies vanous performance 
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specifications of U.S. and foreign countries seme of which have been set forth aoove. None of the prior an 
teacnes a combination of features like those of tne present invention having the advartages of tne oresent 
jnventton. 

The present invention provides a filtration element comprising 

(A) substantially coextensive front ana rear wails joinec to each other aicng tneir penoheral ecges. 
and each comDrising at least one layer of filter material. 

(B) a porous layer, hereinafter occasionally referred to as a baffle comconent. containea between the 
front and rear walls which is substantially coextensive with the walls, which maintains the wans m a spacea- 
acart relationship to one another substantially over their entire area, and whicn contributes no more than 
50% of the total pressure drop across the filter element, and 

(C) a breather tube bonded to the rear wail of tne filter element and naving a means of attachment for 
securing the filter element to a respirator face piece. 

An advantage of the filter elements as aescnbea is that they can be adaoted to perform at nigh 
efficiency levels with respect to the filtration of dusts, mists, or fumes witnout procucmg large oressure 
arops. 

One embodiment fo the fitter element of this invention will permit no more than 1.5 mg penetration of 
silica dust with a geometric mean particle diameter of 0.4-0.6 micrometer, over a 90 minute period, at a flow 
rate of 16 iiters/min., measured in accordance with procedures set out in 30 C.F.R. 11 subpart K §n. 140-4 
(1987) and will have a pressure drop across said filter element before the 90 minL.-- period of no more than 
30 mm H2O and after the 90 minute perioa of no more than 50 mm H2O where said pressure drops are 
measured m accordance with the proceaures set forth in 30 C.F.R. 11 subcart K §11.140-9 (1987). A 
second embodiment of the filter element of this mvention will permit no more than about 3.0 percent 
oenetration of 0.3 micrometer diameter oarticfes of dioctyi phthalate (OOP), and oreferably no more than 
BDOut 0.03 percent, contained in a stream at a concentration of 100 microgram/i. at a flow rate of 42.5 
Hters/min. measured in accordance with the procedures set forth in 30 C.F.R. 11 subpart K §11.140-11 
(1987) and permit no more silica dust penetration and no greater pressure drops before or after the 90 
minute penod than those levels set out above measured in accordance with the procedures specified 
above. A third emboaiment of the filter elements of this invention will permit no more than 1.5 mg of lead 
fume penetration, measured as the weignt of lead, through a filter element over a 312 mmute period at an 
air flowrate of 16 (iters/min and will have a pressure drop before the 312 minute period of no more than 30 
mm H2O and after the 312 minute penod of no more than 50 mm HaO measured in accordance with the 
procedures set forth in 30 C.F.R. 11 subpart K §§11.140-6 and n. 140-9 (1987). 

In the accompanying arawings: 

Figure 1 is a half-mask respirator fitted with filter elements of the present invention, one of which is 
snown in an exploded manner to illustrate a means by which the filter elements can be joined to the 
respirator face piece. 

Figure 2 is a cross-section of a reoresentative filter eiement of the invention. 

The filter element 1 of this invention comprises a front wall 3, a rear wall 4. and layer of porous material 
5 serving to space the front and rear walls and functioning as a baffle component to more evenly distribute 
air flow through the filter element, and a oreather tube 8. The front wall 3. rear wall 4, and baffle component 
5 are substantially coextensive with each other and said baffle component 5 is contained between the front 
and rear wails 3,4. The filter eiement 1 can have various shapes such as round, rectangular, or oval, but 
preferably, the filter element is round as deoicted m Figs. 1 and 2. Filter element size can vary depending 
upon the materials of construction selected for the fitter element 1 and upon various design and 
performance critena known to those skilled in the art, e.g., the desired pressure drop across the filter, and 
the type and amount of dust, mtst, or fumes to oe removed from the wearer's inhaled air. However, the 
shape and size of a filter element should not oostruct the wearer's eyesight when mounted on the respirator 
face Diece 15. The front and rear wails 3.4 are joined along their peripheral edges by a number of bonding 
methods such as thermomechamca! methods (e.g., ultrasonic welding), sewing, and adhesive such that a 
bond 6 IS formed that prevents the leaKage of air into or out of the filter element 1. Preferably, the baffle 
component 5 is also joined to the front and rear wall 3.4 through the bond 6. 

The filter element 1 has a breather tuoe 8 which can nave various snapes and can be formed from 
various matenals such as synthetic resin or ruocer. Preferably the breather tube is made of a synthetic 
resin whicn is heat seaiable. e.g., Doiyprooylene and is cylindrical in shaoe. The breather tube 8 can be 
mounted anywhere aiong the interior 10 or exterior 12 surface of the rear wall 4 but preferably the breather 
tube 8 is mounted centrally to the interior surface 10 of the rear wall 4. The breather tuoe 8 may be 
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mounted to the chosen wail surface 10 or 12 using any suitable nneans. e.g., aahesive or ultrasonic welding. 
The ^ear wail 4 has an opening 7 adapted to fit the oreather tube 8. The breather tuoe 8 ts bended to the 
^ear wall 4 to prevent air leakage into or out of the filter eiennent 1. Preferaoly. the oreather tune 3 has a 
flange 13 on the end of the breather tuoe 8 articulating with the interior surface lO of the rear wall 4. This 

5 Mange 13 provides a convenient surface 14 for bonding to the interior surface of the rear wall 10. The other 
end of the oreather tube 8 can be adapted to either join directly with the respirator face piece 15. or as 
Illustrated in Rg. 1, to join to an adapter 17 wmch is jomed to the respirator face piece 15. One aavantage 
of this invention is that the wearer can conveniently test the fit or airtightness of the seal between the 
wearer's face and the face piece 15 by pressing against the extenor surface 9 of the front wall 3 opposite 

70 the oreather tuoe 8 to cause the front wail 3 and oaffle connponent 5 to collapse against the breather tube 
ooening 2 thereoy blocking off air fiow thrcugn the filter eiennent i. The wearer than inhales while tne face 
D;ece 15 neid against his face thereoy creating a negative pressure differential in the face piece. The 
//earer can then aetermine wnether there are leaks between the face piece 15 and his face because these 
areas will fail to seal. Since it is most convenient for the wearer to press against the front wail with his hand. 

rs ana more preferably with one or more cf nis fingers, the inner diameter (ID) of the breather tube is 
oreferably l 0 to 4,0 cm, and more preferably 1.5 to 3.5 cm. However, for any particular filter element 
construction, e.g., filter element diameter, materials of construction, filter element thickness, and oreather 
tube outer diameter (OD) the smaller tne breather tube (ID), the larger the pressure drop across the filter 
element. 

20 Optionally, the breather tube 8 may include a valve, typically a diaphragm valve 18 as depicted in Fig. 
1, The valve allows the wearer to draw filtered air out of the filter element 1 into the respirator face piece 15 
but orevents the wearer's exhaled air from entering the filter element 1. tnereby directing exhaled air out of 
tne face piece 15 through an exhalation point sucn as an exhalation vaive 19. Preferably, the optional valve 
iS can of tne respirator face piece 15 or the aaapter 17. 

25 The front and rear walls 3.4 are compnsed of material which can function as filter material, with or 
without an outer cover or scnm. The selection of the matenais of construction for the front and rear walls 3,4 
will depend upon design factors well known to those skilled in the art. such as the type of environment in 
which a respirator equipped with the filter elements is to be used, and performance requirements such as 
the pressure drop across the respirator, the type and amount of dust, mist, or fume to be removed from the 

30 wearer's inhaled air, and design requirements set out in 30 C.F.R. 11. subpart K §§11.130-11.140-12 (1987). 
herein incorporated by reference. While the front and rear walls 3,4 of the filter element 1 can each be 
comorised of only a single layer of filter matenai, a plurality of layers is preferred for high performance filter 
elements. By using a plurality of layers of filter material, web irregularities which could lead to premature 
penetration of particles though a single layer of fiiter material can be minimized. However, very thick walls 

35 Should be avoided because they create prooiems in assembling the filter element 1 and could cause the 
filter element 1 to become so thick that it could obstruct the wearer's vision when in use. Examples of 
suitaole filter material include nonv/oven web. fibnilated film web, air-laid web, sorbent-particle-ioaded 
fibrous web such as those described in U.S. Pat. No. 3,971,373 (Braun), glass filter paper, or combinations 
thereof. The filter material may compnse, for example, polyolefms, polycarbonates, polyesters. 

'io polyurethanes. glass, cellulose, carbon, alumina or combinations thereof. Electncally charged nonwoven 
microfiber webs (See U.S. Pat. No. 4.215,682 (Kubik et al.) or U.S. Reissue Pat. No. 30.782 (Van Turnhout)) 
are esoecially preferred. A filter matenai comprising a plurality of layers of charged, blown poiyolefin 
microfiber (BMF) web is preferred, with an electrically charged polyprooylene web being more preferred. 
Carbon-particle- or alumina-particle-loaded fibrous webs, are also preferred fiiter media for this invention 

45 when protection from gaseous matenais is desired. 

The front and rear walls 3. 4 preferably include outer cover layers 3a. 4a respectively which may be 
made from any woven or nonwoven matenai such as spun-bonded weo. thermally bonded webs (e.g.. air- 
laid or carded), or resin-bonded webs. Preferaoiy. the cover layers are made of spun-bonded or carded, 
thermally bonded webs with high hydrophobicity such as those made of polyoiefins. e.g., polypropylene. 

50 The cover layers protect and contain the fiiter material, and may serve as an upstream orefilter layer. 

The baffle component 5 maintains the front and rear walls 3. 4 in a substantially spaced-apart 
relationship and also causes inhaled air to be drawn more evenly across the filter element 1. This results in 
more even loading of dust, mist, or fumes contained in inhaled air across the entire area of the filter 
element 1. in longer filter element service life, and for a given filter element construction, lower pressure 

55 orops across the filter element 1. The baffle component 5 can be made of woven or nonwoven webs, loose 
fibers, fiber batts. loose particulate material, e.g.. carbon particles, particulate material bonded, e.g.. with 
polyurethane together in a porous matrix, or combinations thereof. The baffle component matenai contained 
between the front and rear walls forms a porous layer that contributes no more than 50%, and preferably no 
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mere tnan 30%. of the pressure droD across the filter element. Examples of suitable baffle component 
materials are glass filter oaper, air-taid weos, carded weos. fibriliated film weos. sorDent-pancie-ioacec 
fibrous weos, bonded sorbent particle matrices, or comomations thereof. Preferaoly, the baffle comoonert 5 
comprises compressible, resilient, nonwoven weo such as those formed by performing caramg or air laymg 

5 ccerations, (e.g.. Rando Weobers) on biends of staole and bmaer fibers such that the fibers are bonced 
together at points of fiber intersection after the operation. The baffle component 5 can be made from natural 
materials such as glass, cellulose carbon, and alumina, synthetic matenals such as ooiyester. polyamide, 
and potyolefin, polycaroonate, polyurethane, or combinations thereof. Preferably, the baffle comoonent 5 
comprises polyester or polyolefin. Also preferred when protection from hazardous gases or vaoors is 
desirea are sorbent-particie-loaaed fibrous ^ecs, and oanicularly carbon- or aiumina-paiticie-lcaGed webs, 
or sorbent-particles. e.g., carbon or alumina which may or may not be bonded together. 

The baffle comocnent 5 should have sufficient voia volume or porosity, and be thin enough to prevent 
the oressure drop across tne filter element from becoming unacceotabiy high. It should also be tnin enougn 
to make assembly of the filter element l easy and to prevent the filter element 1 from oecommg so thick 

'5 that it obstructs the wearer's vision wnen the filter element 1 is mounted on a respirator face piece. One 
skilled m the art will understand that the maximum acceptable pressure drop across the filter element 1 is 
aeterminec by the comfort requirements of the wearer, and that as a practical maner, sometimes these 
pressure drops are determined by the sianaards, and measured according to the procedures set out in 30 
C.F.R. 11, subpart K §§11.130-11.140-12 (1987). The prooer selection of baffle component thickness and 

20 baffle component structural features (i.e., cercent soiidity defined by the equation. % solidity = 100 x 
[density of the porous layer.' density of the material usee to make the porous layer], fiber diameter or 
oanicie size, ana material of construction) can provide a tnir baffle component 5. which if compressible is 
resilient, ana is ngid enough to support the front and rear walls 3,4 ;n a spaced-acart relationship while 
maintaining an acceptable pressure arop across the filter element 1 and wniie functioning to evenly 

^5 oistnbute dust. mist, or fume loading across the fitter e;ement 1 surface. A thin baffle component also 
permits a thinner filter element which will be less obstructive to the wearer's vision. Generally, the baffle 
component 5 should be 0.2 cm to aoout 4.0 cm thick, and preferaoly 0.3 cm to 1.3 cm thick. Preferably, a 
baffle component 5 compnsing a nonwoven material should have at least a 10 micrometer average fiber 
oiameter and a solidity of 11 oercent or less. 

30 Filter elements of the present invention are further described by way of the non-iimiting examples 
below. 



EXAMPLES 

35 

The silica dust loading test was performed in accordance with 30 C.F.R. li subpart K §§11.140-4. 

The lead fume test was performed m accordance with 30 C.F.R. ii subpart K §§11.140-6. 

The DOR fitter test was performed in accoraance with C.F.R. subpart K §§1 1.140-1 1. 
40 Pressure drops across the filter elements were aetermined m accordance with procedures described m 
30 C.F.R. 11 subpart K §§11.1409. 

Filter elements were assembled by cutting the acprcpriate diameter circular front and rear walls, baffle 
comocnent. and any cover layers from various materials which are specified below. A hole approximately 
3.27 cm in diameter was cut through the rear wall of each filter element and the cover layer, if any, covering 
^5 the rear wall. Eacn filter element had a cylmdncal, 3.27 cm OD. 3.14 cm ID, 0.572 cm long, polypropylene 
breather tube with a 0.526 cm wide flange around the outer diameter of one end. The unflanged end of the 
breather tube was inserted through the hole in the rear wall and any cover layer and culled through the hole 
until one surface of the flange contacted the mtenor surface of the rear wall. This flange surface was then 
Donded to the rear wail surface. Where the rear wall material was a polypropylene blown microfiber (BMF) 
50 web, the flange was uitrasomcaily welded using a Branson ultrasonic weiaer to the interior surface of the 
rear wall. Where the rear wall was maae of a fiberglass matenal. the flange was bonded to the intenor 
surface of the rear wall using a layer of 3M Jet-melt'^ achesive 3764. The various layers were assembled in 
a sandwicn-like structure wnere the baffle component ^'as the innermost layer surrounded by the front and 
rear walls, and any cover layers formed the outermost layers of the sandwich. The peripheral edges of the 
55 polypropylene BMF. front and rear wails and baffle component were then uitrasomcaily welded together. 
The peripheral edges of the front and rear walls and baffle comocnent of the filter element made with 
fiberglass paoer were sealed using the hot meit achesive described acove. 
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EXAMPLES 1-12 



TTie effect of fiber diameter and percent solidity or a nonwoven oaffie comocnent on pressure droc 
5 across the filter element is illustrated by the following examples. Circular filter elements 10.16 cm m 
ciameter with front and rear walls made of Six layers of eiectncally cnargec ooiyprooyiene BMF weo similar 
to that described in US 4,215,682 (Kubik et al.). basis weight of approximately 55 g/m^ were constructed. 
The baffle compcnents were 0.51 cm thick and were made of web which was prepared oy carding blends 
of cciyester (PET) staple fibers of the specified ciameter. and binder fibers (i.e. a sheath'core fiber 
10 comprising a pciyester terephthaiate core having a meiting temperature of approximately 245 *C ana a 
sneath comprising a cODOlymer of ethylene terephthaiate and ethylene isopnthalate, available as Melty Fiber 
^yoe 4080 from Unitika Ltd. Osaka japan) of various ciameters, in a 55.35 PET-binaer *iber weight ratio ana 
sucseauently placing the caroed web m a circulating air oven at 143'C for about i minute to activate the 
binaer fibers and consolidate the web. The various solidities, of the baffle component, fiber diameters of the 
15 PET and oinaer fibers, and average fiber diameters of the fiber blends used in the baffle component weo 
are summarized in Table 1. The filter elements were assem.bled according to the procedure aescnbed 
above. Pressure drops were measured for eacn filter element using the procedure referenced above. The 
pressure drops are summarized in Table 1. 

20 Table 1 



25 



Example 


Nominal staple fiber 


Nominal tDinder fiber 


Ave. fiber aiameter 


Web 


Pressure arop 




aiameter (micrometers) 


diameter (micrometers) 


(micrometers) 


solidity 
(%) 


(mm H2O) 


1 


39.3 


39.3 


39.3 


0.84 


21.1 


2 


39.3 


39.3 


39.3 


1.38 


23.4 


3 


39.3 


39.3 


39.3 


1.60 


19.5 


4 


23.8 


24.9 


24.2 


0.84 


25.5 


5 


23.3 


24.9 


24.2 


1.44 


29.0 


6 


23.3 


24.9 


24.2 


1.39 


28.6 


7 


17.6 


20.3 


18.6 


1.06 


23.9 


8 


17.6 


20.3 


13.6 


1.63 


31.6 


9 


17.6 


20.3 


18.6 


2.13 


36.5 


10 


13.4 


14.3 


13.8 


0,83 


40.8 


1 1 


13.4 


14.3 


13.3 


1,25 


33.3 


12 


13.4 


14.3 


13.8 


1.79 


43.5 



The data shows that both the average fiber diameter and solidity of the nonwoven material comprising 
the baffle component affects the pressure drcp across tne filter element and that fiber diameters as low as 
13.8 micrometers produced acceptably low filter element pressure drops. 



EXAMPLES 13-16 



Circular filter elements similar to those described in Examples 1-12 were assembled except that these 
filter elements had baffle components made of woven (scrim) and nonwoven materials of various thicknes- 
ses. The woven web used to made the oaffle components was a polypropylene rectangular mesh scrim 
0.05 cm thick commercially available from Conwed as ON 6200. The nonwoven web used for the baffle 
component was made according to a similar procedure used to made the nonwoven baffle web used in 
Examples 1-12 except that a 50:50 blend of a 51 micrometer diameter polyester staple fiber and 20.3 
micrometer diameter, Eastman T-438. polyester binder fiber was used, and the web was calendered to a 
thickness of 0.07 cm after it came out of the oven. The pressure droos across the filter elements were 
measured according to the procedure referenced above. The baffle component materials and pressure 
crops are reoorted in Table 2. 
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Tabie 2 



Example 


Baffie tyoe 


Soiiaity 

i%) 


ThicKness 
(cm) 


1 

rressure croc 
(mm h20) 


13 


Scnm^ (1 layer) 


3.1 


0.05 


> 100 


14 


Scrtm* (4 layers) 


8.1 


0.20 


29 


15 


Nonwoven° (3 layers) 


10.7 


0.20 


55 


16 


Nonwoven'^* (6 layers) 


10.7 


0.41 


29 



aj woven scrim 

D) polyester nonwoven web 



The cJata shows that woven and nonwoven baffie components with solidities as hign as 8-10.7 anc 
thickness as low as 0.2 cm produced filter elements having acceotaoie pressure drocs. The aa:a also 
sncws that baft' e component solidity and thickness affect the oressure orop across the fitter, so both should 
be consicered when selecting baffie component miatenal. 

EXAMPLES 17-22 



7.6, 10.2 and 12.7 cm diameter filter elements were prepared m tne manner described above except 
that one set of 'liter elements with these :Jiameters had front and rear waiis mace of two single layers of 
nbergiass paper {available from HQllingswoah 8t Vose. ^ HE 1021 Fiberglass Pacer) ana another set of filter 
elements with the same oiameters had walls made of a single layer of the same electrically charged 
ociypropytene BMF web used in Examples 1-1 2. The nonwoven web usea for the 0.64 cm thick baffle 
components used in each filter element was made accorotng to a similar procedure used to make the 
nonwoven baffie web used in Examples 1-12 exceot that a 20.3 micrometer oiameter, Meity Fiber binder 
*iber was used. The filter elements were subjected to the silica dust loading test referenced aoove. Dust 
penetration and initial and final pressure drops were measured and are reported in Tabie 3. After testing, 
the filters were inspected to determine the evenness of particulate loaaing across the surface of the filter 
element. The inspected filters were evenly loaaed with particulate matenal over both the surfaces of the 
front and rear wails. 

Tabie 3 



Example 


Filter 


Filter aia. 


Den. 


initial pressure 


Final pressure 




media 


(cm) 


(mg) 


drop (mm H2O) 


aroD (mm H-O) 


17 


Fiberglass 


7.6 


1.45 


10.1 


33.4 


18 


Fiberglass 


10.2 


1.49 


6.3 




19 


Fiberglass 


12.7 


2.94 


4 5 


6.7 


20 


BMF 


7.6 


0.22 


5.3 


15.8 


21 


BMF 


10.2 


0,15 


3.7 


4,8 


22 


BMF 


12.^ 


0,18 


2.8 


3.1 



' Filter Droke 



The data aemonstrates that charged ociyoropyiene BMF filter media oerm;ts less cenetration of silica 
dust during the test period and produces lower pressure droos across the filter element over the test period 
than fiberglass paoer. Therefore, filter elements utilizing the BMF meoia can oe made m smaller sizes and 
stili offer comparaDie performance leveis to larger filter elements using the fiberglass media. 

E:<AMPLES 23-26 
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Three circular filter elements having diameters of ".6. 10.2 anc 12.7 cm were constructed acccrcing to 
the prcceaure aescnbec above, 'jsing front anc rear wails mace of two single layers of fibergiass oacer 
available ^rom Hoilingswortfi & Vcse. * HE l02l P'cerg:ass Faceri. and baffle ccmocrerts 0.54 err. tnck. 
mace of nonwoven oaffle comocnent weto laentical :o tnat usee m Exannoies 17-22. Acditionally, three 

5 c;rojiar. '.0.2 om diameter fiiter elements were construciec using frcnt anc rear waiis mace of a single layer 
cf :ne same eiectncaiiy chargec polypropylene BMP .veo used m Examples i-i2 and 0.54 cm thick baffle 
ccnnDcnerts mace of the same nonwoven baffle component web jsed 'n Examples 17-22. The filter 
elements usea in Example 26 aiso incorporated a cover layer over the frcnt anc rear wails maae of material 
similar ro the oaffie component weo used m Examples 17-22. except that the web was caierderea to a 

'c thickness cf 0.033 cm after it came out of the oven. The filters were assemciea and subjectea to me lead 
'ume loaaing test referenced aoove. initial anc *inai oressure droos across the filter elements and the level 
0* eac fume oenetration tnrougn the filters were measured. After testing, the filer elements were visually 
inspected to determine if there nad been even icacing of the iead fume across tne surface of tne filter 
element. The msoected filters were evenly icaaed across bcth tne front anc rear wall surfaces. Frter 

.'5 consiructicn, ciameter and lead fume penetration test cata are repoaed in Table 4. 

Table 4 



Example 


Filter 


Filter dia. 


Pen, 


Initial Pressure 


Rnai Pressure 




mecia 


(cm) 


fmgi 


drop imm H:0) 


drop (mm H:0) 


23 


Fiberglass 


76 


0.30 


10.3 


>1 15 


24 


Fiberglass 


10.2 


0,30 


6.2 


>n5 


25 


Fiberglass 


12.7 


0.22 


4.9 


>115 


26' 


BMP 


10.2 


0.28 


3.2 


41.5 



'average of three samoies 



The data shows that the polypropylene, BMP fiiter meoia orovides the wearer with protection against 
30 lead fumes with significantly lower pressure drops than fiiter elements made with fiberglass media. 

EXAMPLES 27-35 

35 

C.rcuiar filter elements ranging m aiameter from 7 5 to 10.2 cm were constructed using a singie layer of 
fiberglass paper (available from Hollingsworth & Vcse. Hovoglas^ #HB-533l Fiberglass Paper) for front and 
rear walls and a 0.64 cm thick baffle comoonent made of the same weo as tne baffle comocnents used in 
Examples 23-26. Additionally, a set of circular filter elements ranging in size from 7.6 to 10.2 cm aiameter 

•^0 With front and rear walls made of a plurality of layers of :he same electrically charged polypropylene BMP 
used in Examples 1-12 and a 0.64 cm thicK baffle comoonent made of the same web as the baffle 
comconents used in Examples 23-26 were constructed. All filter elements were constructed in accordance 
with the procedure described aoove. All of the fiiter eiem,eni3 .vere suDjected tc the DOP penetration test 
referencea above. The filter wall material, numoer ct layers of filter material, filter diameter, DOP 

45 penetration, and pressure drops across the filter measured after the COP penetration test are summarized 
in Table 5. 
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Tacle 5 





Filter 


L avfir^ of 


Fitter Dia. 


Pen. (ma) 


Final pressure 




mprtiA 


filter nnedis 


(cm > 




aroD fmm H^O) 


27 


Fiberglass 


1 


11.4 


0.015 


27.5 


23 


BMF 


5 


7,3 


0.013 


29 5 


29 


BMF 


5 


3.3 


0.006 


25 


OU 


Divi r 




10.2 


0.001 


20.5 


31 


BMF 


5 


10.2 


0.004 


16.5 


32 


BMF 


4 


10.2 


0.011 


13.0 


33 


BMF 


4 


7,30 


0.10 


25.0 


34 


BMF 


2 


7,6 


2.5 


12 


35 


BMF 


1 


7,6 


30.0 


5 



20 



EXAMPLE 36 



Five, 10.2 cm oiameter. circular filter elements were rr.ade which were identical to tncse used m 
Example 30. The filters were subjected to :he siiica dust test referenced above. The average siiica dust 
penetration through the 'ilter elements was 0.05 mg. the average pressure aroD across the filter element 
before !ne test was 20.5 mm H2C. ana the average pressure orop across tne filter eiemtent after the test 
was 22.4 mm H2O. After the test the filter elements were visually inspectea to oetermme the evenness of 
particle loading on filter element surfaces. The msoected filter elements were evenly loaded with silica dust 
over both the front and rear walls of the filter element. 



EXAMPLES 37-41 



35 



40 



Circular filter elements similar to those described m Examples 1-12 were assembled except that these 
filter elements had baffle components made of particles of various diameters and materials. The particulate 
material wnen held between the front and rear wails formed a porous layer. Several of the examples were 
cartoon particles classified by sieving. One of the examples was polyDutylene resin oellets of uniform size. 
The pressure drops across the filter elements were measured according to tne procedure referenced above. 
The baffie component matenals ana pressure arops are reported in Table 6. 

Table 6 



45 



Example 


Baffle 


Average paaicle 


Thickness 


Pressure drop 




material 


diameter (mm) 


(cm) 


(mm HiO) 


37 


carbon 


.93 


.99 


47 0 


38 


carbon 


1.09 


.36 


40.1 


39 


carbon 


1.29 


.89 


33.9 


40 


carbon 


1 .7 


91 


32,6 


41 


polybutyiene 


3.0 


1.02 


24.7 



55 



The data shows that there is a definite relationship between diameter and pressure crop. Particle sizes 
above 1.5 mm will give acceptable pressure drops. 

EXAMPLES 42-44 
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Filter elements 10.2 cm in diameter were construcrea using front and rear walls of a single layer of the 
colycrcDyiene BMF web usee in Examples 1-12 ana 0.64 cm ttiick baffle comocnents mace cf the same 
ncnwoven caffle comconent weo used m Examples 1"-22. Eacn filter eiement haa a cyimcncai. pciy- 
QrcDyiene breather rube. The oreather tubes r-.ac various inner aiameters, but their outer ciameter was 3.27 
cm. The filter elements were assembled acccromg to the procecure descnbed aocve ana the pressure crop 
across eacn filter element was measured accoramg :c :he orccecure referenced aoove. The breatner tuoe 
tnner aiameters and pressure drops are summansea m Taole 7 

Table 7 



Exam.pie 


Breather tuoe 


Pressure drcp 


DOP pen 




ID (cm) 


!mm H2O) 


( = o) 


42 


1.27 


5.1 


9.5 


43 


1.59 


3.7 


10.1 


44 


1.91 


3.2 


9.7 



The aata shows that for a given filter construction, the larger the breather tuoe inner diameter the lower 
the oressure drop across the filter element. 

Various modifications and alterations of this invention will become aoparent to those skilled m the art 
without depaaing from tne sccpe and spirit of this invention. 



Claims 

1. A filter element comorising 

(A) substantially coextensive front and rear walls joined to each other along their peripheral edges and each 
comprising at least one layer of a filter material, and 

(B) a breather tube bonded to the rear wall of the filter element and having a means of attachment for 
securing the filter element to a respirator face piece; 

charactenzed in that it further compnses a porous layer contained between the front and rear walls which is 
substantially coextensive with the walls, which maintains the walls in a spaced-aoart relationship over 
Substantially their entire area, and wnich contributes no more than 50% of the total pressure drop across 
the filter eiement. 

2. The filter element of claim 1 further characterized m that it compnses cover layers. 

3. The filter element of any of claims 1 to 2 further characterized in that said porous layer comprises 
matena! selected from the group consisting of woven webs, nonwoven webs, loose fibers, fiber batts, loose 
particulate material, particulate material bonaea together m a porous matrix, or combinations thereof, 

4. The filter element of claim 3 further charactenzed m that said particulate matenal bonded together m 
a Dorous matrix comprises sorbent particles. 

5. The filter element of any of claims 1 to 3 further characterized in that said porous layer is a 
nonwoven web which is selected from the group consisting of glass filter paoer, atr-iaid web, carded web, 
fibnilated film web. sorbent oarticle-oaded fibrous web, cr combinations fnereof, 

6. The filter element of any of claims 1 to 5 further characterized m that said porous layer ts 0.2 cm to 
4.0 cm thick. 

7. The filter element of any of claims 1 to 6 further cnaractenzed in that said filter element 

(i) will oermit no more than 1.5 mg penetration of silica dust, naving a geometric mean oarticle 
diameter of 0.4-0.6 micrometer, througn said filter eiement over a 90 minute oenod at an air flowrate of 16 
liters per minute. 

(li) will have a pressure drop across said filter eiement before the 90 minute period of no more than 
mm H2O, and a pressure drop across the filter eiement after the 90 minute period of no more than 50 mm 
H2O. 

8. The filter element of any of claims 1 to 7 further charactenzed m that said filter element will oermit 
no more than about 3.0 percent penetration of 0.3 micrometer diameter oarticles of dioctyl phthaiate 
contained m a stream at a concentration cf 100 micrograms, 1. at a riow rate of 42.5 liters per minute. 
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9. The filter element of any of claims i to 8 further characterized m that said filter eiement will cermit 
no more than 1.5 mg of lead fume penetration through said filter element over a 312 minute penca at an air 
flowrate of 16 liters per minute, a pressure drop across the filter element before the 312 minute penoa of no 
mere than 30 mm H2O, and a pressure drcD across the filter element after the 31 2 minute penod of ,-^0 

5 more than 50 mm H2O. 

10. A respirator comprising a face piece ana one or more filter elements cnaracterizea m that it further 
comprises one or more filter elements of any of claims 1 to 9. 
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f^i A filter elennent (1) adapted for attachment to a 
respirator face piece which includes front (3) and 
rear (4) walls of filter nnatenal, a breather tube (8), 
and a porous inner layer which maintains the front 
(3) and rear (4) walls m a spaced-apart relationship 
over substantially their entire area and which func- 
tions to evenly distribute air flow across the available 
filter element (1) surface area. 
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